Multiple myeloma (MM) is an incurable hematologic malignancy with disparities in outcomes noted among racialethnic subgroups, likely due to disparities in access to effective treatment modalities. Clinical trials can provide access to evidence-based medicine but representation of minorities on therapeutic clinical trials has been dismal. We evaluated the impact of patient race-ethnicity in pooled data from nine large national cooperative group clinical trials in newly diagnosed MM. Among 2896 patients enrolled over more than two decades, only 18% were non-White and enrollment of minorities actually decreased in most recent years (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). African-Americans were younger and had more frequent poor-risk markers, including anemia and increased lactate dehydrogenase. Hispanics had the smallest proportion of patients on trials utilizing novel therapeutic agents. While adverse demographic (increased age) and clinical (performance status, stage, anemia, kidney dysfunction) factors were associated with inferior survival, patient race-ethnicity did not have an effect on objective response rates, progression-free, or overall survival. While there are significant disparities in MM incidence and outcomes among patients of different racial-ethnic groups, this disparity seems to be mitigated by access to appropriate therapeutic options, for example, as offered by clinical trials. Improved minority accrual in therapeutic clinical trials needs to be a priority.
Introduction
Multiple myeloma (MM) is the second most common hematologic malignancy with approximately 30,000 new patients diagnosed in the United States (U.S.) every year 1 . MM incidence is noted to have increased over time with a progressively younger median age at diagnosis 2 . At the same time, owing to a rapidly improving therapeutic landscape, death rates have been falling over the past decade with a reported 5-year survival rate of 48.5% [1] [2] [3] [4] . While these trends hold true for the U.S. population as a whole, with changing population demographics there is an increasing focus on how various population subgroups may be benefiting from survival improvement in MM. This is especially true for population subgroups by race and ethnicity, as several studies have shown that significant racial disparities exist in MM incidence and outcomes 1, 3, [5] [6] [7] . These disparities have been explored previously and a differential access to treatment as well as health-care utilization have been identified as a potential cause 5, [8] [9] [10] . Such a finding has been especially true regarding access to stem cell transplant (SCT), a standard of care for MM treatment, which is known to be utilized much more commonly in Whites as compared to racial-ethnic minorities 5, [10] [11] [12] . Nevertheless, some retrospective, single-institution and single clinical trial analyses have shown that, in equal access situations, racial disparities in outcomes may be mitigated, especially for those who receive SCT [12] [13] [14] . Such an analysis has not been done on a larger, national scale across multiple clinical trials and especially not in prospectively collected data for novel therapeutic agents irrespective of SCT. We analyzed patient-level data from published Eastern Cooperative Oncology Group (ECOG)-ACRIN/South West Oncology Group (SWOG) clinical trials in newly diagnosed MM (NDMM) patients to explore the interplay of race/ethnicity and outcomes.
Methods
Data from nine previously published ECOG-ACRIN/ SWOG clinical trials in NDMM between 1988 and 2011 was pooled for this analysis. The identified clinical trials included E1A06, E4A03, E1A00, E2A02, E5A93, E9486, S0204, S0232, and S9321. Pertinent details of the selected clinical trials are shown in Table 1 . Data collected on the patients enrolled in these trials included baseline demographics (age, gender, race-ethnicity), clinical features (ECOG performance status, presence of lytic lesions, serum calcium, hemoglobin (Hb), creatinine, beta-2-microglobulin, lactate dehydrogenase (LDH), body mass index (BMI)), and MM characteristics (International Staging System (ISS) disease stage, heavy and light chain category, bone marrow plasma cell percentage). Clinical trials were grouped into fixed duration vs. treatment given to progression (including maintenance or not), with or without SCT, including a novel agent (proteasome inhibitor or immunomodulatory drug) or not, and the years of patient enrollment (1988-1991, 1992-2001, 2002-2011) .
Patient were divided into mutually exclusive raceethnicity categories, including non-Hispanic Whites (NHW), non-Hispanic African-Americans (NHAA), nonHispanic Others (NHO), and Hispanics. Associations between race-ethnicity and categorical baseline patient, disease, and study design characteristics were assessed using the chi-square test while that between raceethnicity and continuous baseline patient and disease characteristics were assessed using Wilcoxon test. Survival distributions since the time of enrollment were estimated based on the Kaplan-Meier method. Cox proportional hazards regression was used to estimate hazard ratios (HRs) in univariate and multivariable models. For multivariable models, covariate distribution was reviewed visually for proportional hazards. All patients were included so "missing" was included as a category, if appropriate. Wald test p values were provided from Cox regression models. Time to event data was censored at 6 years to have more uniform follow-up among the included studies. No adjustments were made for multiple testing. SAS 9.4 software was used for statistical analysis.
Results
A total of 3026 patients were included in the analysis from the nine selected clinical trials. Of these, 3002 patients had data available on race. Furthermore, 106 patients had missing information on ethnicity, leading to the final study cohort of 2896 patients. Patient and clinical 
Patient characteristics by race
Median age was significantly different (p < 0.001) with NHO being the youngest (median 58.1 years, range 40.1-83.0) and NHW being the oldest (median 62 years, range 23.2-91.9). Gender distribution was also significantly different among patient race-ethnicity subgroups, with males comprising 67.1% of Hispanics, 59.6% of NHW, 51.8% of NHAA, but only 45.5% of NHO (p = 0.002). We noted that NHAA had the highest proportion of patients classified as obese (27.6%) and NHO had the lowest (12.9%), while NHW had the highest proportion of patients classified as overweight (41.4%) with NHO again having the lowest (29%) (p = 0.018). Among laboratory values evaluated, significant anemia (Hb ≤ 10 g/dL) was noted in 55.9% NHAA, 49.1% NHO, 44.0% Hispanics, but only in 36.3% NHW (p < 0.001). Similarly, LDH was 
Patient participation in the selected clinical trials by raceethnicity
There were significant differences noted among patients of different racial-ethnic subgroups for all the clinical trial characteristics studied. We noted that, compared to 1988-1991, racial-ethnic minority enrollment in clinical trials increased in 1992-2001, with NHAA increasing from 9.5 to 16.5% and Hispanics increasing from 2.5 to 3.7%. There was a reciprocal decrease noted in NHW enrollment over the same time periods (85.6-78.3%). But in more recent years (2002-2011), minority enrollment has decreased again, with NHAA decreasing to 13% and Hispanics to 1.8% (p < 0.001). Majority of patients in all racial-ethnic subgroups were enrolled in clinical trials not involving a novel anti-MM agent. Despite this, NHW had the highest proportion of patients treated on novel therapeutic agent clinical trials (38.5%) while Hispanics had the smallest proportion (25%) (p = 0.047). Similarly, majority of patients for all racial-ethnic subgroups were enrolled on clinical trials not involving SCT, but there was a significant difference in the distribution with NHAA having the highest proportion of patients on SCT clinical trials (38%) and NHO the lowest (27.3%) (p = 0.034). With respect to fixed duration treatment vs. treatment to progression as well, there were significant differences with 22.1% of NHW but only 5.3% of Hispanics receiving treatment on trials with fixed duration of therapy (p = 0.001).
Outcomes by patient characteristics other than raceethnicity
All the collected demographic and clinical patient characteristics were evaluated for differences in survival in univariate and multivariable models. The study cohort follow-up was censored at 6 years, yielding 2375 progression events and 1782 deaths. Progression-free survival (PFS) was slightly better for females as compared to males (HR 0.92, 95% confidence interval (CI) 0.84, 0.99), while it was significantly worse for those with age ≥70 years (HR All the same characteristics that were associated with PFS differences were associated with significant differences in overall survival (OS) as well, with a more pronounced effect. These included worse OS associated with male gender (HR for females 0.83, 95% CI 0.75, 0.91, Fig.  1a) , age ≥70 years (HR 1.30, 95% CI 1.15, 1.48, Fig. 1b) , ECOG performance status >0 (HR 1.46, 95% CI 1.31, 1.62, Fig. 1c) , ISS stage III (HR 1.34, 95% CI 1.18, 1.52, Fig. 1d ), Hb ≤ 10 g/dL (HR 1.35, 95% CI 1.22, 1.49, Fig. 1e) , and serum creatinine ≥2 mg/dL (HR 1.21, 95% CI 1.03, 1.40, Fig. 1f ). In addition, the presence of lytic lesions (HR 1.14, 95% CI 1.03, 1.26, Fig. 1g ) and serum calcium >12 mg/dL (HR 1.50, 95% CI 1.20, 1.86, Fig. 1h ) were also associated with a significant worsening of median OS.
Outcomes by patient race-ethnicity
Response rates for the primary objectives of clinical trials included were compared among patients of different race-ethnicity groups. There was no statistically significant difference noted for this efficacy analysis (p = 0.286) (Fig. 2) . Median PFS for the whole study cohort was 2.0 years while the median OS was 4.2 years. Median PFS and OS by race-ethnicity categories are shown in Table 3 . Using Hispanics as the reference in the multivariable model, PFS was not noted to be significantly different for any of the race-ethnicity groups (p = 0.427) including NHW (HR 1.20, 95% CI 0.92, 1.55), NHAA (HR 1.14, 95% CI 0.86, 1.51), and NHO (HR 1.32, 95% CI 0.88, 1.96) (Fig.  3a) . Similarly, OS was not noted to be significantly different (p = 0.760) for NHW (HR 1.00, 95% CI 0.75, 1.33), NHAA (HR 0.95, 95% CI 0.70, 1.29), or NHO (HR 1.13, 95% CI 0.73, 1.75) with Hispanics again being the reference (Fig. 3b) .
Discussion
Outcomes in MM have improved significantly over the past two decades 2, 4, 10 . Increasing survivorship has led to focus on how the therapeutic advancements may have benefited various subgroups of MM patients. An important area that deserves focus is patient race-ethnicity. Historically, there has been some work done to understand disease incidence, progression, outcomes, and, to some extent, biologic differences between Caucasians (Whites) and AA, the two largest racial subgroups in the U.S. population 6, 7, 13, 14 . With changing demographic landscape, such an analysis needs to be broadened to include especially Hispanics, the fastest growing racialethnic subgroup in the country 15 . Existing data suggests that outcomes among MM patients of different racialethnic groups are different and these trends are changing over time 3, 5, 10 . Causes for this can indeed be multifactorial, but most of the currently available research suggests that access to various therapeutic options may be most important 9, 10, 12 . Clinical trials present a unique opportunity for addressing this question as they contain carefully collected, clinically annotated data, best equipped to perform secondary analyses. The current undertaking involving nine large, national clinical trials in MM conducted at the Cooperative Group level is well positioned for such an analysis.
A higher proportion of patients in our analysis were enrolled in recent years, suggesting increased clinical trial enrollment overall. But we noted a very small proportion of patients in the cohort belonging to racial-ethnic minorities, consistent with other reports of clinical trial enrollment nationally [16] [17] [18] . Similar to a previous report showing increased enrollment of AA patients in clinical trials over time 17 , we noted that, compared to 1988-1991, the number of AA and Hispanics enrolled in clinical trials improved in years 1992-2001. But we also noticed that, in more recent years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , this trend actually reversed, and at least in the MM Cooperative Group clinical trials, the enrollment of racial-ethnic minorities decreased. This is contrary to the increasing proportion of racial-ethnic minorities in the U.S. population, representing approximately 30% of MM patients in the U.S. currently 2, 15 . This is a concerning trend despite a requirement by the National Institute of Health that members of minority populations be represented adequately in clinical research 19 . A possible contributor to decreased minority enrollment in the Cooperative Group trials may be their enrollment in other national or regional clinical trials, e.g., those run by pharmaceutical companies or academic institutions. So far, trends of increased minority enrollment in these other settings have not been reported to corroborate this potential hypothesis. Considering that racial minorities may bear the largest burden of cancer in the U.S. 20 , their underrepresentation in clinical trials is a huge source of preventable health-care disparity that needs to be addressed urgently. Fig. 1 Overall survival of patients included in the study, by various demographic and clinical myeloma-associated characteristics studied. a Overall survival for all patients analyzed by gender. b Overall survival for all patients analyzed by patient age (≥70 or <70 years). c Overall survival for all patients analyzed by ECOG performance status (ECOG > 0 or ECOG = 0). d Overall survival for all patients analyzed by International Staging System; ISS Stage (ISS I-II or ISS III). e Overall survival for all patients analyzed by anemia (hemoglobin >10 or ≤10 g/dL). f Overall survival for all patients analyzed by kidney function (serum creatinine <2 or ≥2 mg/dL). g Overall survival for all patients analyzed by the presence of lytic lesions (presence or absence of lytic lesions). h Overall survival for all patients by the presence of hypercalcemia (serum calcium ≤12 mg/dL or >12 mg/dL) Fig. 2 Comparison of response rates to the primary objectives of included clinical trials by patient race-ethnicity
We observed that NHW were the ones more commonly enrolled on trials with novel therapeutic agents while Hispanics were least likely to go on to such trials. This could be due to practice patterns, differences in access to certain trials across the country, and even differences in insurance coverage, which is responsible for the noninvestigational aspects of a clinical trial. We noted that majority of patients did not get a SCT-based clinical trial, although among those who did, NHAA had the highest proportion of patients. This may again be reflective of differences in practice patterns and geographical availability of trials, since it is known that, overall, racial-ethnic minorities are much less likely to receive SCT for MM [10] [11] [12] .
Racial-ethnic minorities (NHAA and Hispanics) had a younger median age than NHW in our analysis, which has significant implications on outcomes, as age has been noted as an independent prognostic factor in MM 3 . The gender distribution differences are not necessarily representative of disease incidence by age but may suggest access to and enrollment into clinical trials. Among Hispanics, males were more commonly enrolled as compared to NHAA and NHW. These trends may be helpful in addressing clinical trial enrollment in the future and making sure that access is uniform among demographic subgroups including gender among race-ethnicities. Obesity has been noted as an independent risk factor for MM in several large analyses 21 . It has been reported that obesity is a more prevalent problem in racial-ethnic minorities in the U.S., thus possibly putting them at a higher risk of developing MM 22, 23 . While we noted a higher incidence of obesity among the NHAA in our cohort, patient BMI controlling for race-ethnic categories was not associated with differences in PFS or OS. It seems access to effective therapy with clinical trial participation overcame any potential effects of obesity on outcomes. To our knowledge, no prior analysis has looked at patient outcomes in MM by obesity rates and race.
We report significant differences in certain laboratory parameters associated with more aggressive disease, including higher incidence of significant anemia and LDH in NHAA. Other reports have also shown a higher 10 . Furthermore, in our analysis clinical and demographic parameters, including advanced age, higher disease stage, poor performance status, presence of lytic bony lesions, significant anemia, hypercalcemia and renal dysfunction, were associated with worse outcomes, similar to prior reports 24 . Our observation is important, as, despite adverse prognostic markers in certain racialethnic groups, patients had similar response rates and survival, underscoring the importance of access to appropriate therapeutic options, e.g., participation in clinical trials. To this end, we report that there were no differences in objective response rates, PFS, or OS by race-ethnicity across the nine included national clinical trials. While there was heterogeneity in the clinical trials included, the proportion of minority enrollment was similar across various trials, rendering validity to this unique observation. This is in accordance with smaller previous reports that have evaluated single-institution or single-trial data 13, 14 . We confirm these findings on a larger scale spanning many more years of patient care.
We report the analysis from a large, prospectively collected national data, which shows low clinical trial accruals for racial-ethnic minorities. Nevertheless, despite heterogeneity in patient characteristics including some poor-risk features, patients from racial-ethnic minorities had similar outcomes to NHW, the most numerous group. This underscores the therapeutic benefit that evidence-based and novel treatment options, typically offered in prevalent clinical trials, bring to patients. Ongoing efforts regarding improving clinical trial accrual in the U.S., especially among racial-ethnic minorities, need to be strengthened further, which may require a concerted focus from patients, health-care and advocacy groups as well as political will.
